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Becauge of the relatively low intensity of H ion sources, negative ion
njection into the booster reguires many turns, at least 50-100, in order io
compete favorably with proton injection of a few furng., Whereas one always
operates with & proton-besm pulse of less than 12 psec {0y muliiturn injection
into the booster, one reguires a pulse length of 150-300 psec with an H- beam.
The object of the measurement reported here wage to determine what problems
might exist for long-pulie operation.

The linac quads are pulsed with a sine-wave-~type current giving a 2, 7%
droop in quad field at the ends of a 300- usec pulse centered ai the peak of the
field, Thig can lead to shifts in beam momentum and emittance which affect
boogter capture. Last March a messurement was made to test the effect on
linac bearmt momentum and on accelersted boogter beam at the 45-mA level
as-the linse quad pulge was delayed in fime. That test indicated, for & short
injected beam pulse, that the sccelerated booster bears when averaged over a
300~ psec time internal of the linac quads was approximately 75% of the
magimum value.

Another factor affecting capture of beam in the booster for a long pulse is
the ghift in eguilibrium orbit, which becomes gignificant for a small effective
aperiure.

The linac's rf-design-pulse length 1s 400 gsee, although normal operation
does not require this length, At the time of this experiment, a limitation
exigted on the tuning range of tank #1 so that the rf-pulse length of systern #1
wag imited, Our beam-pulsge Ee-mgth wag, therefore, limited fo 140 usec,

The linde-rf timing was shifted in time relative to the booster magnet
field to provide a beam pulse that was believed to start 50 ysec before minimum
field and end 90 yseo after minimum field., An uncertainty of ~ 50 usec
existed in the time of minimum field, A 9-yusec chop, giving dver three turns of
injection, sampled the 140-psec beam pildse from one end {o the other. The
beam intensity wasg meastred at injection and at 8 GeV to give booster frans-
migsion al various times during the long pulse,
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To make acceleration possible at thege times one varied five triggers
simultaneously through s multiple~-5 connection: chopper time on and off,
geptum 1, septum 2, and orbit bump.

When the beam intengity fromn the ion source and linac was reduced from
the nominal 80-mA level, no retuning of the 750-keV or the 200-MeV transport
Jines was carried out to adapt to the altered opties of the low intensity beams.
During this period of time, the ion source ran at reduced gas prefgure, as it
had for several days to protect the fon pump., As a conzeguence there was g
propounced droop in the lon-source current during the long pulse. Becausge of
all of these conditions, the match to the booster was almost certainly less
favorable than one could expect to achieve by consciously tuning for a long pulse
bearn.

- Observations

Three runs were made using different beam currents from the linac., The
firet beam wag obtained by shifting the phase of the buncher 180° to reduce the
beam intensity by a factor of four and by turning down the ion-source magnet to
reach a low linac-beam curvent, which varied from roughly 10 mA fo 5 mA during
the pulse. The beam current pulse at the input and exii of the linac ig shown in
Fig. 1. Because there is a several kilovolt droop in the preaceelerators voliage
gt high current in the absence of a bouncer, another beam wasg provided by phasing
the buncher for maximum bunching and reducing the soures intensity much further.
This procedure gave the beam pilse of nominally 10 mA in Fig. 2, having some-
cwhat legs droop., Finally a third beam pulsge of nominally 20 mA, shown in Fig. 3,
was provided by turning up the source intensity.

The transmigsion of the booster ag & function of time during the beam pulse
ig ghown in Fig, 4 for each of the three rung. The principal result ig the fact
that the transmission held up throughout the long pulse; in fact, it increased at

later time, For high intensity operation (80 mA from the linac), the best
transmission for a 9- usec chop has been 20-24%. For the low intensity heams
‘here, the transmission has increased somewhat over this value, without benefit
of tuning to improve the match to the booster.

_ The reduced momentum spread of the low intensity beam probably contributed
1o improved transmission,. Although not measured very zccurately, this rhomentum
spread is alzo shown in Fig, 4. There appears to be Some correlation between
Apfp and fransmission in termé of variation during the pulse and during the change
from one beam 10 the other,
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_ Two samples of linde-momentum spread from the single ~Wi-r_e--scanne'r
are shown in Figures 5 and 6 at the approximate midpoint of the beam pulse.

‘There was gome shift in momentum of the linac beam during the pulse.
‘a8 shown in Fig. 7. Also plotted in Fig. 7 is transmission of the 200-MeV
transport line for the three beams. No measurements of beam emittance
‘weré made,

Conclusion

_ There appear no significant problems in running with a beam pulse up .

o at least 140 psec long at currents of 5 to 20 mA. The boogler trangmigsion
{20-30%) is at least as good or better at all parts of the pulse for a threesturn
chop-as for a short three-turn pulse at high intensity, It is anticipated that
the small variations observed during the pulse will be somewhat reduced with
the ion source operated in its normal pressure range to maintzin a more.
nearly uniform beam current during the pulse.

C. D. Curtis
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